Background: Using a variety of alternative accounting policies brings about different effects on the stated business results and the value of the company. Objectives: The objective of this paper is to develop a fuzzy logic solution for determining bias in financial reports on low-activity financial markets, and to find a method applicable to unquoted entities. Methods/Approach: A fuzzy logic system was developed using data on Croatian companies, the MatLab software, and the Mamdani fuzzy inference method. Results: The paper provides the summary of results obtained using a fuzzy logic system, and they indicate that the model has relevant validity. Conclusions: The model can serve as a stimulus for more detailed studies of biased financial statements elements. The fuzzy logic model should be further tested on a larger sample of companies classified based on their activity and under different business conditions.
Introduction
Since the bias of elements of financial statements is determined by accounting policies and estimates, their choice is extremely important for business operations. Different approaches to estimating income, expenses, and costs, as well as assets, liabilities and capital, can lead to enormous discrepancies in the financial statements. Therefore, companies and regulators use the selected accounting policies and estimates in order to achieve certain goals (Solomons, 1986) .
Although there are strict regulations regarding the application of accounting policies and estimates, the accounting processing implies a variety of situations in which it is possible, consciously or unconsciously, to deviate from principles, bases, arrangements, rules, and practices applied by the entity when preparing and presenting financial statements, thereby deviating from neutral financial statements. The deviation from neutral statements is often prevalent within the national accounting regulations, and the deviation has been the focus of many studies. However, even within national economies, which select certain accounting policies to reach a specific goal, the reported financial positions are the subject of bias in financial reporting.
The problem of determining bias in financial reporting arises from the lack of information. Namely, in order for investors and other stakeholders to estimate the deviation from neutral financial statements, they should have significantly more information than those contained in the reports for public disclosure purposes, particularly because the notes in financial statements only generally refer to the accounting standards according to which the elements of financial statements are valued. Almost all accounting standards contain alternative policies for recognition of the elements of financial statements, which, within the legal framework, produces different effects on the reported net assets, but also on the financial position.
In the last twenty years, numerous studies have been published in the area of bias in financial reporting, e.g., Gao et al. (2018) , Lee et al. (2018) and Wang et al. (2018) . Most of them analyze the positive influence of accounting conservatism on business operations and focus on recognizing accounting conservatism in financial statements.
Models for determining the level of conservatism have been developed, in addition to the previously known market-to-book ratio (MTB ratio), the first being the Basu regression (Basu, 1997). It was followed by models by Givoly et al. 
Literature Review

Statistical modeling of bias in financial reporting
The number of publications on bias in financial reporting is growing, most of them being related to the accounting conservatism issue. Ruch et al. (2015) gave an overall analysis of the literature in the field of accounting conservatism. Watts (2003a Watts ( , 2003b ) defines accounting conservatism "as the differential verifiability required for the recognition of economic gains versus losses."
Previously mentioned models are the basis for determining the level of accounting conservatism ( Huijgen et al. (2005) , and the finding was that companies which are listed on both markets have a higher level of accounting conservatism. Kim et al. (2013) Basu's (1997) operationalization of bias in accounting reporting focuses on the implication that earnings will reflect 'bad news' more quickly than 'good news,' which is known as the asymmetric timeliness of earnings. The Basu (1997) The specific characteristics of a particular company are the size, the MTB ratio and the indebtedness of the company.
Although the aforementioned models were used in a large number of studies and based on them, many conclusions that confirmed theoretical findings were made, none of the models were generally accepted as the absolute measure of bias in financial statements. In the last decade, the authors have mostly used a combination of different measures of bias, and they have drawn conclusions on the basis of standardized results.
Fuzzy modeling in accounting research
Fuzzy logic is a form of logic that extends on the widely used Boolean logic to allow the definition of unclear events (Lee, 1990) . Unlike classical logic which requires a deep understanding of a system, exact equations, and precise numeric values, fuzzy logic incorporates an alternative way of thinking, which allows modeling complex systems using a higher level of abstraction originating from our knowledge and experience (Beskese et Although there are examples of fuzzy logic-based research in accounting it was not applied with the aim of determining the level of accounting conservatism. Fuzzy logic has enormous potential in the field of determining bias in financial reporting because it allows for modeling complex systems using a higher level of abstraction originating from our knowledge and experience.
Methodology
Research variables
Six variables were used for fuzzy logic modeling, i.e., TAX, AMORT, LTIA, PROV, OCA and OCL, which mostly reflect the effects of applied accounting policies. Table one presents a description of the variables used in the analysis. The ratio of provisions (IAS 37) and sources of assets
PROV =
The ratio of other current assets and total assets
The ratio of other current liabilities and total sources of assets The theoretical assumption is that a higher or a lower value of a particular variable indicates aggressiveness or conservatism of financial statements. Variables TAX, AMORT, PROV, and OCL behave uniformly, i.e., a higher value of these variables indicates conservatism, while a lower value indicates aggressive accounting. Variables LTIA and OCA theoretically have a reverse effect on the model; their higher value indicates aggressiveness, whereas their lower value points to conservative accounting.
Data
The model in this paper is formed on the basis of the statistical analysis carried out using the sample of Croatian companies. Accounting information for the year 2015 of 1,060 Croatian companies was included in the analysis. Data have been provided by the Amadeus database which contains comprehensive information on around 21 million companies across Europe.
Also before the start of the survey, data about the largest companies in Croatia for 2015 have been collected from the Financial Agency (FINA). Noting that there is no information available in the notes to the financial statements to determine the bias in financial reporting, as written by the authors such as Pratt (2008) , variables have been explored and used to derive a deviation from the published reports. The Amadeus database has been used as a source for the data about 1,075 companies, the top 1,000 according to FINA's analysis plus 75 companies, as the target group was 1,000 companies. Excluding 15 companies for which no particular data were available, the final sample of 1,060 companies was obtained.
After the initial statistical analysis, the data from the court register were recollected. When a suspicious value ("outlier" etc.) appeared in the analysis, the conclusions were drawn from the financial statements of the companies surveyed. The final sample on which the statistical analysis was carried out, on the basis of which a model for assessing the bias of the financial statements was formed, consists of the largest Croatian companies, the majority of which (370 companies) according to the NACE classification is registered for wholesale and retail trade and repair of motor vehicles and motorcycles. The second industry in the sample is manufacturing, which is represented by 300 companies. The construction industry is represented by 73 companies, transport operations by 63 enterprises, agriculture by 38 enterprises, information and communication by 41 enterprises, professional, scientific and technical activities by 40 enterprises, electricity, gas, steam and air conditioning supply by 30 enterprises, providing accommodation, food preparation and catering services by 30 companies, administrative and auxiliary services by 21 companies, water supply, sewage disposal, waste management and environmental remediation by 20 companies. The remaining 34 companies are divided into 7 industries, out of which 9 are registered for arts, entertainment, and recreation, six companies are registered for real estate business, five for health and social care services, five companies belong to the financial industry and the insurance industry, four companies to other services and four companies to mining, while education is represented by one company only.
The specificities of the industries have been investigated; the model was tested at the retail (370 companies) and the subcontracting industry (300 companies). Previous studies did not show differences in the values of the examined variables among the largest industries in the sample.
Accounting bias modeling
The determining of the level of bias in financial statements was conducted through the formed fuzzy logic system named "1fuzzy4var". The "1fuzzy4var" fuzzy logic system was formed on the basis of four input and one output variable.
In the MATLAB software, it is possible to form a Sugeno or a Mamdani fuzzy logic system. The Mamdani system was chosen because it is more appropriate for human logic and the research of this paper. The Mamdani fuzzy logic system was formed by specifying if-then rules. The rules were formulated on the basis of previously tested variables.
The description of the differences between the Mamdani and the Sugeno fuzzy logic system is available at https://www.mathworks.com. It is written that the Mamdani system is widely used in setting up intuitive models that are close to the human way of thinking, but according to Kaur et al. (2012) , the Mamdani system has certain limitations regarding the mathematical formulation of logic. Unlike the Mamdani system, Sugeno Systems are more effective in the mathematical formulation of fuzzy logic, making them more applicable in control issues, especially in dynamic or nonlinear systems. Sugeno systems are used as optimization techniques and adaptation techniques. For example, customization techniques are used to standardize membership functions, so Sugeno Systems become an excellent tool for modeling various data.
The most significant difference, according to Kaur and Kaur (2012) , between these systems is the way in which variables are generated. While Mamdani systems use defuzzification techniques for external variables, Sugeno systems use a weighted average for calculating the variable generating process. Interpretability and mathematical descriptiveness of the Mamdani system are smaller than of the Sugeno system, precisely because the outcomes of the rules in the system are not the rules and outcomes determined by the system, but the researcher. In addition to this, Sugno systems are faster because the weighted average encapsulates the time lost in the defibration process.
Another difference between these systems is that Mamdani systems have functions of output variables, whereas Sugeno systems do not have the function of output variables. Also, the Mamdani system, unlike the Sugeno system, is less flexible in the design of neural networks based on fuzzy logic. On the basis of the knowledge of both systems, it was concluded that Mamdani is the appropriate system to be used to uncover the logic and the knowledge of the problem involved in this research.
Results
Correlation analysis
The first step of the research was to collect data on the specified variables and to assess the neutral value of a particular variable. For all the variables, except the TAX variable, the mean value was determined by comparing the suitability of the statistical environment and the statistical median. For the TAX variable, the mean value was corrected by the income tax rate, which equaled 20%, i.e., 0.2 in the observed period (2015) in Croatia. The correlation between the variables was calculated, which for this type of statistical analysis had to be extremely low ( Table  2 ). The results of the correlation between the selected variables confirmed that suitable variables had been chosen. 
Fuzzy logic modeling
The determining of the level of bias in financial statements was conducted through the formed fuzzy logic system. The "1fuzzy4var" fuzzy logic system was formed on the basis of four input and one output variable. In the construction of a fuzzy logic system, it is necessary to enter the functions of the input and the output variables and the system decision rules. The membership functions of the input and the output variables were introduced according to the previously analyzed data of 1,060 Croatian companies and are presented in Table 2 . Table 2 shows the ranges of the input and the output variables. The input variables are assigned low, medium and high ranges, and the output variables can be in an aggressive, a fair or a conservative range. The variables architecture is also shown in Figure 2 , showing the function of the input and the output variables in graphs. Figure  2 shows the functions of the input variables and the output variables graphically. By entering the values of the parameters shown in Table 2 , the membership functions belonging to the individual variables are obtained.
Figure 2
Illustration of the fuzzy logic system architecture -1fuzzy4var
Source: Authors' work, using Matlab When setting up the fuzzy logic system (Mamdani model), a researcher introduces if-then rules. The model is formed by entering rules, for example, if TAX is low, AMORT is low, LTIA is low, PROV is low, then the level of conservatism = aggressive. Since each of the four input variables can take three values (low, medium and high), it is necessary to form an 81 if-then rule, because the total number of possible combinations is 3 = 81. The values of the output variable in a particular rule are determined by the combination of input variables. Therefore, the OCA and OCL variables were excluded from the formation of the fuzzy logic system. The inclusion of OCA and OCL variables would require 729 if-then rules because in case the system has six input variables that can take three values, there are 729 combinations (3 = 729). Table 3 IF-THEN rules used for fuzzy modeling Table 3 shows a printout of eighty-one of the default if-then rules. Four digits in the second and the fifth column of Table 3 indicate the input variables (1. TAX, 2. AMORT, 3. LTIA, 4. PROV), and the digits in the third and the sixth column of Table 3 indicate the output variable (Conservatism Level). Each input variable can assume three values (1-low, 2-medium, and 3-high), and output variables can also get three values (1-aggressive, 2-FAIR and 3-conservative).
By applying rules from Table 3 , which have been set on the basis of input data, internal and external users of financial reports can find out if there is bias in financial reports for the year 2015. For example: if TAX -low, AMORT -low, LTIA -low and PROV -low, then Conservatism Level = Aggressive (rule 1); or if TAX -high, AMORThigh, LTIA -low and PROV -high, then Conservatism Level = Conservative (rule 75). Figure 3 and Figure 4 show the areas of knowledge according to input variables TAX and AMORT and Conservativism level variable (vertical axis variable). Because of the visual display, the output variable is a single value (singleton). The functions of the input and the output variables are located above both indicated areas of knowledge. The difference between the two presented areas of knowledge is in the overlap of membership functions, which the researcher himself determines. In the case of the knowledge area shown in Figure 4 there is little overlapping of membership functions, and in case of the knowledge area shown in Figure 5 there is the middle overlapping of membership functions. It is crucial that both areas of knowledge confirm theoretical assumptions, i.e., higher levels of TAX and AMORT variables result in a higher level of conservatism. 
Practical implications
International Accounting Standards Board (2016) states in the Conceptual Framework for Financial Reporting that the objective of financial reporting is to provide financial information that is useful to users in making decisions relating to providing resources to the entity. The example of the crisis in the USA related to Enron shows that auditors can be unreliable (Edelman et al. 2011 ). Kim et al. (2019) investigate the effect of mandatory audit firm rotation and the conclusion is that mandatory audit firm rotation acts as a bonding mechanism to mitigate agency problems, but the problem of bias in financial reporting exists despite rotations of auditors or other institutional solutions.
To conclude, there is a need for a model which could help users of financial reports to prevent issues which affect their interests. The model provided in this paper can be an indicator that there is a need for more detailed studies of entities' financial reports.
The fuzzy logic system can be used through various programmes available even through the open source on the Internet. Alcalá-Fdez et al. (2016) have conducted a survey about fuzzy systems software, and their finding is that, in other fields, the Matlab toolbox is widely used in the risk analysis. As the bias in financial reporting is a type of risk analysis, for the purpose of this paper a fuzzy logic system has been made using Matlab, but it can be made using any other software as well. For the practical application of the model, it is necessary to calculate values for each variable in the reporting period so that users could put values of the entity which they are interested in, into the model and determine potential bias in financial reporting.
Conclusions
The study of the bias in financial reports included 1,060 of the largest Croatian companies. The statistical analysis was carried out using six variables called TAX, AMORT, LTIA, PROV, OCA and OCL, which mostly reflect the effects of applied accounting policies. The theoretical assumption is that a higher or a lower value of a particular variable indicates the aggressiveness or the conservatism of financial statements. Variables TAX, AMORT, PROV, and OCL behave uniformly, i.e., a higher value of these variables indicates conservatism, while a lower value indicates aggressive accounting. The variables LTIA and OCA theoretically have a reverse effect on the model; their higher value indicates aggressiveness, whereas their lower value points to conservative accounting.
The first step of the research was to collect data on the specified variables and to assess the neutral value of a particular variable. For all variables, except the TAX variable, the mean value was determined by comparing the suitability of the statistical environment and the statistical median. For the TAX variable, the mean value was corrected by the income tax rate, which equaled to 20%, i.e., 0.2 in the observed period in Croatia. The correlation between the variables was calculated, which for this type of statistical analysis had to be extremely low. The results of the correlation between the selected variables confirmed that suitable variables were chosen.
The presented model can serve as a stimulus for more detailed studies of biased elements of financial statements, whereby bias would be presented by high-quality notes to the financial statements. However, there is a broad spectrum of stakeholders that have an interest in knowing to what extent the financial statements of a particular company deviate from the neutral financial statements, but neither do they have an insight into accounting processing nor are they skilled enough to assess the influence of certain accounting procedures on the bias of financial statements. Therefore, the proposed synthetic model for evaluating the level of conservatism or aggressiveness in financial statements may be sufficient to them, but may also be an indicator that there is a need for more detailed studies of elements identified by the model as conservative or aggressive.
The model formed in this paper has certain limitations. Its major limitation is that it is only an indicator of the presence of deviations from the neutral items of financial statements. An additional downside of the model is that it needs to be tested on a larger sample of companies classified based on their activity and under different business conditions in other countries.
The limitations of the model might include certain variables as well, on the basis of which the model was formed. Revaluation can be one of the most important elements in some economic systems and business conditions, but it is also possible that OCA and OCL variables, which were discarded in the formation of the fuzzy logic system in this paper, could be significant in research on a different sample. Certainly, there are other variables that can be examined and interpreted in the context of the bias in financial reporting, but these did not represent a considerable influence within the scope of this research and under existing business conditions. The presence of the bias in different business conditions needs to be examined in both Croatian and other world economies and possibly included in the further development of the proposed model. Therefore, the recommendations for future studies stem from the limitations of the model. First, the model needs to be tested on other economic systems. Furthermore, the model should be tested on a larger sample of companies in the same industry, in order to identify if there are any differences in the obtained results, achieved in the same period and under the same economic and market conditions, and according to the activities. Therefore, the existing variables need to be examined in other economic circumstances, and further work needs to be done to establish whether there are additional variables that should be included in the model. Certainly, due to different tax treatments, and with the tax liability being the main factor of conservatism in financial statements, the influence of revaluation on the model for determining bias needs to be investigated when testing the sample in different economic conditions.
